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ABSTRACT
Context. A fundamental subject in Extragalactic Astronomy concerns the formation and evolution of late-type galaxies (LTGs). The
standard scenario envisages a two-phase build-up for these systems, comprising the early assembly of the bulge followed by disk
accretion. However, recent observational evidence points to a joint formation and perpetual co-evolution of these structural compo-
nents. Our current knowledge on the properties of bulge and disk is, to a large degree, founded on photometric decomposition studies,
which sensitively depend on the adopted methodology and enclosed assumptions on the structure of LTGs. A critical assumption
whose validity was never questioned is that galactic disks conserve their exponential nature up to the galactic center. This, although
seemingly plausible, implies that bulge and disk co-exist without significant dynamical interaction and mass exchange over nearly the
whole Hubble time.
Aims. Our goal is to examine the validity of the standard assumption that galactic disks preserve their exponential intensity profile
inside the bulge radius (RB) all the way to the galactic center, as generally assumed in photometric decomposition studies.
Methods. We developed a spectrophotometric bulge-disk decomposition technique that provides an estimation for the net (i.e. disk-
subtracted) spectrum of the bulge. Starting from an integral field spectroscopy (IFS) data cube, this tool computes the integrated
spectrum of the bulge and disk, scales the latter considering the light fraction estimated from photometric decomposition techniques,
and subtract it from the former, thereby allowing for the extraction of the net-bulge spectrum. Considering that the latter depends on
the underlying assumption for the disk luminosity profile, a check of its physical plausibility (e.g., positiveness and spectral slope)
places indirect constraints on the validity of the disk’s assumed profile inside the radius R? < RB. In this pilot study we tested three
different disk configurations (the standard exponential disk profile, and a centrally flattened or down-bending exponential disk profile).
Results. A systematic application of our spectrophotometric bulge-disk decomposition tool to a representative sample of 135 local
LTGs from the CALIFA Survey yields a significant fraction (up to ∼ 30 (20)%) of unphysical net-bulge spectra when a purely
exponential (centrally flattened) intensity profile is assumed for the disk. This never occurs for disk’s profiles involving a centrally
decreasing intensity.
Conclusions. The obtained results suggest that, for a significant fraction of LTGs, the disk component shows a down-bending
beneath the bulge. If proven to be true, such result will call for a substantial revision of structural decomposition studies for LTGs
and have far-reaching implications in our understanding of the photometric properties of their bulges. Given its major relevance,
it appears worthwhile to further explore the central stellar surface density of galactic disks through an improved version of the
spectrophotometric decomposition tool here presented, and its application combining deep surface photometry, spatially resolved
spectral synthesis and kinematical analyses.
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1. Introduction
One of the greatest challenges in Extragalactic Astronomy is to
fundamentally explain the formation and evolution of late-type
galaxies (LTGs) and their main structural components. To this
end, it is crucial to assess the build-up histories of galactic disks
and bulges, given that the formation of the latter is intimately
linked to the genesis and growth of supermassive black holes
(SMBHs) and their regulatory role on galaxy evolution (e.g., Ko-
rmendy & Ho 2013; Heckman & Best 2014; Martín-Navarro et
al. 2018).
Traditionally, galactic disks were thought to form early-on via
violent quasi-monolithic gas collapse (Larson 1974) or galaxy
mergers (e.g., Barnes & Hernquist 1996; Springel & Hern-
quist 2005; Bournaud, Jog & Combes 2005) and/or to gradually
assemble around pre-existing monolithically collapsed bulges
(e.g., Kauffmann et al. 1993; Zoccali et al. 2006). Lately, how-
ever, thanks to the recent development of observing facilities and
improved modeling techniques that employ increasingly sophis-
ticated physical recipes, it became apparent that LTGs undergo
rather complex assembly histories, comparatively to what was
previously envisaged.
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On the other hand, the literature regarding formation and evolu-
tion of LTGs reports contradictory results, leading to conflict-
ing interpretations. For instance, by performing disk-to-bulge
decomposition for 180 galaxies from the 3DHST Legacy Sur-
vey with redshift 1.5 < z < 4.0, Sachdeva, et al. (2019) find
that from the redshift interval z > 2 to z < 2, the scale-length
of two-component galaxies undergoes an increase (∼1.3 times)
whereas their bulge sizes and bulge/total ratio (B/T) remain al-
most constant. The authors infer that z∼2 is mostly a disk for-
mation period while bulges had formed at earlier times (z > 2).1
This conclusion has been recurrently reported in the literature
(e.g., Margalef-Bentabol et al. 2016, 2017), usually resulting
from photometric bulge-disk decomposition studies. In contrast,
other works where different techniques were applied suggest in-
stead that bulges and disks grow and evolve jointly, opposing
the prevailing view of two independent formation scenarios for
bulge and disk build-up. In a study by van Dokkum et al. (2013),
by applying the abundance matching technique to Milky Way
(MW) progenitor candidates out to z = 2.5, it is found that MW-
like LTGs have built ∼90% of their present stellar mass (M?)
after z = 2.5 with the star-formation peak occurring before z =
1. Additionally, they show that the bulge buildup was prolonged,
occurring between 1 < z < 2.5. In this period, the mass in the
central 2 kpc of MW progenitors increases by a factor of ∼3,
ruling out models in which bulges were fully assembled first and
disks gradually formed around them. In addition, a recent study
by Breda & Papaderos (2018, hereafter BP18) where a represen-
tative sample of 135 local LTGs2 was analyzed by combining
three techniques, namely surface photometry, spatially resolved
spectral modeling and post-processing with RemoveYoung (RY)
(Gomes & Papaderos 2016), demonstrates that LTG bulges form
a continuous sequence with regard to their <δµ9G> 3, mean stellar
age and metallicity (〈t?,B〉M and 〈Z?,B〉M, respectively), across
∼3 dex in log(M?) and > 1 dex in log of stellar surface den-
sity (Σ?). Moreover, they find that physical properties of bulges
and their parent disks are linked, pointing once more to a joint
evolution between bulge and disk. Even though they adopt sig-
nificantly different methodologies and galaxy samples, the two
aforementioned studies find strong evidence for a unified forma-
tion scenario of LTGs, where bulge build-up time-scale and mass
(total and relative) are dictated by the total galaxy mass (see also
Ganda et al. 2007). It is worth stressing that these studies are
not based on structural decomposition techniques, being there-
fore free from prior assumptions on the LTG’s individual stellar
components (bulge, disk, bar) that might impact the obtained re-
sults.
Concerning the disk of LTGs, these complex stellar structures
are mainly characterized by a radial light distribution I(R) that
is usually well fit by an exponential law with the generic form
I(R) ∝ e−R/α, where α is the disk scale-length. As a result, galaxy
disks were initially thought to universally follow an exponential
decay in their surface brightness profiles (type I) (de Vaucouleurs
1959), yet subsequent work has revealed the existence of disk
galaxies that deviate from the exponential law in their outskirts,
exhibiting down/up-bending surface brightness profiles (SBPs)
1 This interpretation, however, seems to be in conflict with the fact that
significant disk growth together with a constant B/T must also imply
bulge growth.
2 The present study is the result of an extended analysis applied to the
same galaxy sample as in BP18.
3 <δµ9G> (mag) is defined by BP18 as the difference between the mean
r band surface brightness of the present-day stellar component and that
of stars older than 9 Gyr.
(type II and type III, respectively, Freeman 1970). These obser-
vations prompted a revision of the proposed theories for the for-
mation of such stellar structures and accurate modeling of pos-
sible divergences from the exponentiality (e.g., Pohlen, et al.
2008; Laine, et al. 2014; Watkins, et al. 2019). The last decades
were crucial for the development of this field of research, due
to the overall improvement of computational power and tools.
Dalcanton et al. (1997) tries to explain the range of observed
disk properties by using a set of gravitationally self-consistent
models for disk collapse, assuming that while collapsing, the re-
sulting dark matter halo has a universal density profile, the an-
gular momentum is conserved and its initial distribution is com-
parable to that produced by an external tidal torque. Their work
predicts that several disk properties are intimately related, such
as total mass and initial angular momentum – the collapse of a
gas cloud with low initial angular momentum will give rise to
a high mass, high surface brightness galaxy whereas the oppo-
site is valid in the case of a gas cloud with high initial angular
momentum. The shape of the rotation curve also appears to be
tightly connected with the initial angular momentum. Low an-
gular momentum disks (generally higher mass galaxies) are cen-
trally concentrated being globally unstable to non-axisymmetric
perturbations which may result in angular momentum transfer
and secular bulge/bar formation. This contrasts with high angu-
lar momentum disks (usually lower mass galaxies) which display
a slowly rising rotation curve that is not so prone to instabilities
(i.e., precursors of bulge/bar formation). As for observational
studies, a recent IFS study by Ruiz-Lara et al. (2017a) attributes
deviations from an exponential slope to radial stellar migration,
proposing it to be more efficient in type III disks as compared to
type II. A supplementary study by these authors adds further sup-
port to this scenario through the modeling of Milky Way-mass
disks in cosmological simulations (Ruiz-Lara et al. 2017b).
Whereas significant progress has been achieved in our under-
standing of disks in their outer parts, the same does not apply for
their central regions. A critical question that has been barely ex-
plored is whether the exponential slope of the disk is valid all the
way to the LTG center, i.e., beneath the bulge. Although SBPs
of bulgeless4 galaxies show a pure exponential luminosity profile
(e.g., Sachdeva & Saha 2016), the central radial distribution of
the disk for the majority of LTGs remains unexplored. Consid-
ering that the existence of a bulge prevents direct observation of
the disk in the inner region of the galaxy, it is standard procedure
to preserve the assumption that the disk follows an exponential
profile.
The implications of this simplifying assumption are manyfold
and fundamental: this fitting approach actually presumes that
bulge and disk co-exist without significant dynamical interaction
and mass exchange (e.g., stellar migration, kinematical heating)
over several Gyr of galactic evolution, which appears to be in
contrast with conclusions from previous studies that advocate a
joint evolution of these two galaxy entities. Furthermore, in the
light of the assumption that disks gradually assembled around
bulges that were formed prior to and independently from the
disk, the most reasonable expectation should be a decrease in the
disk’s stellar surface density in the innermost part of the galaxy,
i.e., the opposite of what it is commonly assumed. If bulges are a
product of monolithic collapse, it appears legitimate to consider
that the inherent high gas and stellar velocity dispersion (σ?) in
4 In this work, bulgeless galaxies denote pure disk galaxies without
evidence for a central luminosity excess.
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the bulge would act against the build-up of a dynamically cold
disk inside the bulge radius.
Another implicit assumption enclosed within the generally
adopted exponentiality of the disk to the LTG center is the ab-
sence of significant stellar age or metallicity gradients within
the bulge radius, as well as that the specific star-formation rate
(sSFR) is nearly invariant throughout the disk. Recently, IFS ob-
servations allowed a spatially resolved exploration of stellar pop-
ulations of galaxies across a significant part of their radial extent
(up to 1.5 to 2 effective radii, Reff). Many studies demonstrate
that some LTGs present age and metallicity gradients across their
disks (see, e.g., González-Delgado et al. 2015; Goddard et al.
2017) pointing to the non-negligible effect of a non-uniform
sSFR throughout the galaxy. In addition, a systematic analysis
of the radial profiles of mass and luminosity weighted ages of
the same LTG sample used in this study (Breda et al. 2020a)
reveals quite significant stellar age gradients within the bulge ra-
dius, whose slope (positive/negative) is anti-correlated with total
galaxy mass.
From the theoretical viewpoint, in the past decades there has
been some evidence supporting the non-preservation of the ex-
ponential profile of the disk within the bulge. Attempts to model
the rotation velocity profile or the stellar surface density of the
disk component by means of semi-analytic models (Kuijken &
Dubinski 1995), N-body simulations (Widrow & Dubinski 2005)
or, more recently, hydrodynamical simulations (Obreja et al.
2013) show that, in the presence of a bulge (whose stars are char-
acterized by significantly higher σ? as compared to the disk),
the orbits of disk stars (mostly supported by rotational velocity,
Vrot) are gradually kinematically heated by cumulative weak in-
teractions with the bulge. According to these results, interaction
between both collisionless stellar populations over several Gyr
will eventually lead to a scarcity (or even depletion) of rotation-
dominated stellar populations in the galactic center, resulting in
a flattening or even a sharp central decrease of the disk’s particle
density, as shown in Fig. 2 of Obreja et al. (2013). In this con-
text, it is noteworthy that from the observational point of view,
the need for a central flattening of exponential profiles in many
dwarf galaxies was established through surface photometry of
early-type and late-type systems (Binggeli & Cameron 1993; Pa-
paderos et al. 1996a; Noeske et al. 2003).
If the assumption on the inner disk’s exponential nature is proved
to be incorrect, important implications might be expected for
structural studies of LTGs. For instance, while performing 1D
surface photometry the standard procedure for the photometric
decomposition of such galaxies involves the determination and
subtraction of the disk contribution by approximating its SBP by
an exponential function. The residual central luminosity excess
is attributed to the bulge and fitted with a Sérsic model, the best-
fitting parameters of which (η, Reff , radial extent, total magni-
tude) are used for bulge classification into classical bulges (CB)
and pseudo-bulges (PB). Even in the case where all the structural
components such as bulge and disk are fitted simultaneously, as
commonly occurs with 2D surface photometry codes such as IM-
FIT (Erwin 2015) or GALFIT (Peng et al. 2010), by assuming an
incorrect surface brightness distribution for the disk one would
still introduce a systematic bias. A possible overestimation of
the disk luminosity inside the bulge radius due to the false as-
sumption that it retains its exponential slope all the way to the
center, would impact determinations of the luminosity and struc-
tural properties of the bulge. This might offer an explanation for
the relatively weak correlation between η and bulge magnitude
(see for e.g., Head et al. 2014; Mosenkov et al. 2014).
As a pilot attempt to investigate the disk’s radial distribution
within the bulge and evaluate the validity of the conventional
and universal assumption of extrapolating its exponential inten-
sity profile, here we present a study where we test this hypothesis
in the context of spectral analysis and modeling. To this end, we
developed a tool that allows us to estimate the net spectral en-
ergy distribution (SED) of the bulge after removal of the disk
contribution using a combined photometric and spectral mod-
eling approach. The tool was applied to a representative sam-
ple of the local LTGs population, comprising 135 galaxies from
the CALIFA IFS survey (Sánchez et al. 2012; Sánchez et al.
2016). It is worth mentioning that there were previous attempts
to perform spectrophotometric decomposition of galaxies based
on IFS data (Méndez-Abreu et al. 2019; Johnston et al. 2017) and
long-slit spectroscopy (Johnston et al. 2012, 2014; Sil’chenko, et
al. 2012). However, the methodologies adopted in these studies
greatly differ from the one presented here, with the most signifi-
cant difference being that these authors fix the surface brightness
distribution of the disk to the standard exponential law. Conse-
quently, these studies do not explore, per design, possible de-
viations from the exponentiality of the disk in its central part;
the exponentiality of the disk was explicitly assumed. Addition-
ally, these tools were applied to early-type (ETGs) and lenticular
(S0s) galaxies, respectively, i.e. galaxies with nearly homoge-
neous stellar populations in terms of age, contrary to LTGs.
Section sample describes the sample selection, Sect. 3 outlines
the adopted methodology, Sect. 4 presents the main results and
finally Sect. 5 is dedicated to the discussion of the obtained re-
sults and summarizing the conclusions.
2. Sample description
The galaxy sample here analyzed was selected from the 3rd Data
Release of the CALIFA integral field spectroscopy (IFS) survey
(667 galaxies; Sánchez et al. 2016, see http://califa.caha.es). It
is constituted by 135 non-interacting, nearly face-on local (≤130
Mpc) LTGs (see BP18 for a complete description of sample) and
it was assembled aiming for high representativity of the LTG
population in the local Universe, spanning a range of ∼3 dex in
log(M?) and > 1 dex in log(Σ?). In BP18 the galaxy sample was
tentatively subdivided into three <δµ9G> intervals. This quan-
tity was there defined as the difference µ0Gyr-µ9Gyr between the
mean r band surface brightness of the present-day stellar compo-
nent and that of stars older than 9 Gyr (a <δµ9G> ≈ 0 mag implies
that the bulge has completed its buildup earlier than 9 Gyr ago
(z ' 1.34) while a <δµ9G> of –2.5 mag denotes a contribution of
90% from stars younger than 9 Gyr). Interval A (iA; <δµ9G>
≤ –2.5 mag; 34 galaxies) includes the least massive galaxies
which host low-mass, young bulges with low stellar metallicity,
frequently classified as star-forming (SF) after the BPT spec-
troscopic classification scheme (Baldwin, Phillips & Terlevich
1981). In contrast, interval C (iC; <δµ9G> ≥ –0.5 mag; 43 galax-
ies) contains the most massive galaxies with the most massive,
dense, old and chemically enriched bulges, typically falling in
the class of AGN/LINER. LTGs that fall within interval B (iB;
–1.5 mag to –0.5 mag; 58 galaxies) display intermediate charac-
teristics in all measured properties. As for the frequency of bars
in our sample they represent about 40% (∼1/3 for iA, ∼1/3 for
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iB and ∼2/3 for iC). This subdivision and subsequent examina-
tion of bulge and galaxy properties within each interval led us
to conclude that the galaxy total mass is the main evolutionary
driver for LTGs, being tightly connected with the bulge’s stel-
lar mass and surface density, mean stellar age and metallicity,
current photo-ionization mechanism and mean stellar age and
metallicity of the disk.
3. Data analysis
The concept used here consists of assuming different intensity
profiles for the innermost part of the disk, subtract their contri-
butions from the total central luminosity and subsequently fit the
remaining (net) bulge spectra, in order to assess whether they are
physically plausible. An unphysical or implausible SED for the
disk-subtracted bulge implies that the underlying assumption of
the exponentiality of the disk is invalid.
The adopted methodology combines modeling of binned IFS
spectra – by means of two population spectral synthesis (PSS)
codes: STARLIGHT (Cid Fernandes et al. 2005) & FADO
(Gomes & Papaderos 2017) – with surface photometry of op-
tical images. Surface photometry was carried out on SDSS r-
and g-band images with the goal of estimating the expected light
fraction of the disk inside the bulge radius when assuming differ-
ent radial intensity distributions. As shown in Fig. 1, we assumed
three profiles for the radial intensity of the disk within the bulge
radius, RB: a) purely exponential, as commonly assumed b) an
inwardly flattening and c) a centrally depressed, so that at the
galactic center its contribution is virtually zero. Subsequent inte-
gration of the different light growth curves allowed to determine
the fraction of light within RB pertaining to the disk ( fD), for
each disk configuration.
In parallel, we conducted a spectral fitting analysis: after having
a clear-cut definition of RB (see Sect. 3.1) and the disk radial ex-
tent, individual spaxels were integrated into one spectrum for the
respective stellar components. For each galaxy, bulge and disk
spectra were modeled by both STARLIGHT & FADO using two
simple stellar population (SSP) spectral libraries – Z4, compris-
ing SSPs from Bruzual & Charlot (2003) for 38 ages between
1 Myr and 13 Gyr for four stellar metallicities (0.05, 0.2, 0.4 and
1.0 Z), referring to a Salpeter IMF (Salpeter 1955) and Padova
2000 tracks (Girardi et al. 2000), and Z5 which is identical to Z4
in terms of age coverage except for being supplemented by SSPs
with a metallicity of 1.5 Z. The use of two stellar libraries and
two conceptually distinct spectral fitting codes permitted to un-
cover to what extent the obtained results depend on the spectral
modeling technique.
The best-fitting synthetic stellar spectrum of the normalized SED
of the disk was then scaled according to the previously deter-
mined fD (after correction from the SDSS r- or g-band trans-
mission curve) and subsequently subtracted from the bulge best-
fitting synthetic stellar SED, this way theoretically obtaining the
net-bulge SED. Finally, we assessed the soundness of the ob-
tained spectra by refitting them with both PSS codes. Consider-
ing that this approach consists in the application of spatially re-
solved spectral modeling on IFS data, it is, therefore, free from
any prior assumption on its stellar populations and star formation
histories (SFH) throughout the galaxy.
3.1. Photometric decomposition assuming three different
radial profiles for the disk
To test the standard assumption that the disk conserves its ex-
ponential nature all the way to the galactic center, we resort
to structural analysis which permits to decompose galaxies into
their main stellar constituents. Seeking for a uniform, clear-cut
definition for the bulge radius RB, without relying on strong prior
assumptions on the photometric structure of LTGs, this quantity
was determined by fitting a single Sérsic model to the central
luminosity peak. It was determined at an extinction-corrected
surface brightness level µlim of 24 mag/2′′, this way encircling
nearly all the flux from the bulge. For this purpose we used our
1D surface photometry code iFIT (Breda et al. 2019)6, after vi-
sual inspection of the morphology and g–i color maps. As for the
disk, it was modeled by fitting the standard exponential model
(Ie) at intermediate radii (see BP18 for additional details on the
photometric analysis), which equation in intensity units is given
by:
Ie(R?) = I0 · e−R?/α, (1)
where I0 is the intensity at the galactic center, R? the radius (i.e.,
distance from the center) and α is the scale-length, in ′′.
After estimating the best-fitting parameters for the exponential
disk for each galaxy in the sample, we adapted the previously es-
timated disk to a centrally flattened and a down-bending surface
brightness profile within RBby means of the modified exponen-
tial (Ieˆ) distribution proposed by Papaderos et al. (1996a):
Ieˆ(R?) = Ie[1 − 1eP3(R?)]
P3(R?) =
(
R?
Rcore
)3
+
(
R?(1 − 1)
α1
) (2)
In all cases, we set the core radius Rcore equal to RB so that I/Ie
starts diverging from 1 at this radius (i.e., decreasing the disks’s
intensity relative to that corresponding to an exponential fitting
law). As for the central intensity depression, 1 = ∆I/I0, we
tested two different cases: an intermediate case characterized by
a nearly constant intensity within RB (adopted 1 = α/1.5Rcore)
and a steeply down-bending disk profile reaching zero intensity
(1 = 1) at the center (R? = 0) of the disk. These two modified
exponential profiles are referred as flatD and decrD, respectively,
and are illustrated in the r.h.s. panel of Fig. 1, in addition to the
standard exponential disk expD.
Although a full photometric analysis and characterization of the
different bulge luminosity profiles that remain after subtraction
5 The circle depictingRD does not precisely correspond to the analyzed
area, being instead the equivalent radius (the radius of a circle with an
area equal to the sum of all spaxels that belong to the disk). The l.h.s
of Fig. 2 displays the spaxels that were considered in constructing the
average spectrum of the disk for NGC 0036.
6 As discussed in BP18 in further detail, we additionally performed
full image decomposition with iFIT, IMFIT and GALFIT. We generally
found a minor dependence of RB on different codes and profile fitting
schemes.
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Fig. 1. Left: SDSS true-color image of LTG NGC 0036. The white circle overlaid in the SDSS image depicts the bulge diameter (with radius RB)
and the innermost black circle illustrates the bulge radius that was considered for this study (with radius RC, defined in Sect. 3.2). The radius of
the outermost black circle corresponds to the limit of the disk (with radius RD)5. Right: SDSS g-band SBP illustrating the assumed three disk
configurations (black points – observed profile; blue solid line – standard exponential disk, expD; green solid line – inwardly flattening disk, flatD;
red solid line – centrally depressed disk, decrD). The colored dashed lines represent the modeled bulge after subtraction of the respective disk’s
profile. The horizontal line denotes the limiting surface brightness at µ = 24 mag/2′′. Grey vertical lines denote the considered limits for the disk
(the outermost grey line is illustrated by the uttermost circle in the l.h.s), dashed vertical black line depicts RB (innermost black circle at the l.h.s)
and the dashed-dot vertical black line the RC (white circle at the l.h.s). The galactocentric distance (x axis) is normalized to Reff .
of the assumed disks is out of the scope of this article, as a san-
ity check we used a simple χ2 minimization algorithm to fit a
Sérsic model to the residuals, as a tentative assessment of the
plausibility of the obtained bulge profiles. We document values
for the Sérsic index within 0.3 ≤ η ≤ 2.3 (not reaching, in any
circumstance, unfeasible values such as 0.2 > η > 8) and an av-
erage absolute difference of 0.5 between the best-fitting η for
expD and flatD and 0.2 for expD and decrD (see Fig.1 for a visual
representation of the three possible bulge luminosity profiles for
NGC 0036). Regarding the obtained estimates for the B/T, we
report values within 3% ≤ B/T ≤ 51% and an average increase
of ∼ 15% between the B/T estimated after subtraction of expD
and the same after subtraction of flatD and ∼ 25% when compar-
ing expD with decrD. Visual inspection of the remaining excess
and respective models suggests that all the obtained bulge lu-
minosity profiles are physically reasonable, demonstrating that
experiments involving surface photometry do not yield strong
discriminators of deviations of the disk from the exponentiality.
3.2. Construction of bulge and disk spectra
By integrating IFS CALIFA data (after correction of spectra in
individual spaxels for intrinsic stellar motions) we constructed
two spectra per galaxy: a summed up spectrum of the bulge and
an average spectrum of the disk, normalized to one spaxel (1 2′′
given that CALIFA data-cubes have a pixel scale of 1 spaxel).
Bearing in mind that this is a pilot study and considering that the
spectroscopic modeling and subsequent subtraction of the bar
contribution is a non-trivial task, there was no attempt to model
separately the bar component. Additionally, by computing an av-
erage disk spectrum from a significant number of spaxels (see
Fig. 2), whereas the bar is confined to a smaller number of spax-
els as compared to the disk in any barred galaxy, it is expected
that the spectroscopic contribution from the bar is smoothed out
in the final disk spectrum, so that the bar will only marginally
contaminate the average spectrum for the disk (i.e., the region
outside RB).
Using an adaptation of the isophotal annuli (isan) surface
photometry technique by Papaderos et al. (2002), which consists
on the computation of of the mean surface brightness for a given
filter within logarithmically equidistant isophotal zones ob-
tained from a reference image, in this case the emission-line-free
pseudo-continuum between 6390 Å and 6490 Å, all galaxies
of the sample were previously segmented into 18 isophotal
zones. Having the sample galaxies already segmented and the
information on the radial extent of the bulge, the following
procedure was to determine the zones that lie within the bulge
and the ones within the disk, as pictured in Fig. 2. Here we
defined a more conservative radial extent of the bulge (RC, see
black circle overlaid with SDSS true color image at the left
panel and dashed vertical line at the right panel of Fig. 1) which
is the galactocentric radius of the last zone that lies within RB,
as given by the structural analysis (mean RC ∼ 0.87 · RB; σ =
0.13 for the LTG sample – given the minor difference one can
assume that RB ' RC).
The l.h.s of Fig. 2 illustrates the spaxels that were used to con-
struct the two spectra in the case of NGC 0036. The total spec-
trum within the bulge region FC(λ), (i.e., bulge plus a possible
disk contribution, displayed in black at the r.h.s of Fig. 2, with
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Fig. 2. Illustration of the CALIFA IFS data (spaxel-by-spaxel map) of NGC 0036 (l.h.s.) where it is shown the emission-line-free pseudo-continuum
between 6390 and 6490 Å. Within the red contour are the spaxels that were integrated to obtain a single bulge spectrum which is shown in the r.h.s
along with its respective best-fitting stellar SED as obtained by STARLIGHT, Z4, in red. As for the average disk spectrum displayed in the r.h.s
overplotted by its best-fitting stellar spectrum, in dark-blue, was obtained by integrating the spaxels that lay between the two blue contours in the
l.h.s. and subsequent division by the considered number of spaxels. Additionally, it is plotted in light-blue at the r.h.s the best-fitting stellar SED
for the disk after scaling according to the exponential model.
its best-fitting stellar SED F?C(λ), overplotted in red) was created
by summing up the spaxels residing within the red contour, i.e.,
all the spaxels that pertain to the zones within RC. The normal-
ized disk spectrum FˆD(λ), (plotted in the r.h.s of the same Fig.
in black, with its best-fitting stellar SED Fˆ?D(λ), overplotted in
dark-blue) was constructed by summing up the spaxels that oc-
cupy the locus between the two blue contours (i.e., between one
zone after the last one pertaining in the bulge and zone 147), sub-
sequently dividing by the considered number of spaxels. Still at
the r.h.s of Fig. 2, it is plotted in light-blue the best-fitting stellar
SED for the disk, after scaling according to expD.
Considering that most of our disks host significant star-
formation which manifests itself through strong emission lines,
by directly subtracting the observed disk spectra one would get
artificially deep absorption features in the net-bulge spectrum.
A way of avoiding this is to conduct first the spectral fitting of
bulge and disk, which will result in emission-line free spectra
Fˆ?D(λ) & F
?
C(λ). To this end, spectral modeling of the disk and
bulge spectra was carried out using the PSS codes STARLIGHT
& FADO in the spectral range between 3900 and 6800 Å adopt-
ing the Z4 and Z5 libraries (cf. Sect. 2.2). The four spectral mod-
eling runs will be later referred to as SLZ4, SLZ5, FDZ4, FDZ5,
respectively. For STARLIGHT, a purely stellar code, strong emis-
sion lines were masked out before fitting while for FADO these
are used to achieve self-consistency between the nebular and the
stellar emission, while deriving the SFHs.
7 We decided to exclude the last 4 zones from the analysis due to the
decreasing surface brightness µ, and consequently decreasing signal-to-
noise ratio, of the outermost spaxels. Throughout the sample, the 14th
zone has an average value of µ = 23.6 mag/2′′.
3.3. Scaling of Fˆ?D(λ):
Subsequently, we estimated how much light within RB belongs
to the disk component and, accordingly, how much it is needed
to scale Fˆ?D(λ) to ensure consistency between the spectroscopic
and photometric analysis.
By integrating the observed SBP (LT) and the three disk lumi-
nosity distributions (LD) from the galactic center until RC, we
computed fD, the light fraction within the bulge residing in the
disk under each of the assumptions:
LD = 2pi
∫ RC
0 R
? · 10(µD(R?)−C)/−2.5 · dR?
LT = 2pi
∫ RC
0 R
? · 10(µ(R?)−C)/−2.5 · dR?
fD = LD/LT
(3)
where µ(R?) is the surface brightness distribution of the ob-
served SDSS r or g-band SBP, µD(R?) is the surface brightness
distribution of the assumed disk component and C the calibra-
tion constant.
Bearing in mind the differences between the two data-sets (pho-
tometric and spectroscopic data), a mandatory step to achieve
consistency when combining both techniques is to to scale the
spectra based on the photometrically predicted luminosity frac-
tion of the disk inside the bulge both in the SDSS g and r band.
This is attained by convolving the bulge/disk spectra by the filter
transmission curve TSDSS(λ). Subsequent integration in the con-
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sidered λ range provides the corrected fluxes for the bulge SC,
and for each of the assumed disk luminosity distributions SD:
SD =
∫ λmax
λmin
Fˆ?D(λ) · TSDSSg(λ) · dλ
SC =
∫ λmax
λmin
FC(λ) · TSDSSg(λ) · dλ
(4)
Division of SD by SC, after multiplication by the number of spax-
els contained within the zones inside RC (npC) (Fˆ?D(λ) is normal-
ized, i.e., it corresponds to a single spaxel) will result in the cor-
rective factor, fC:
fC = npC · SD/SC (5)
The final scaling factor fS, is simply the division between fD, i.e.,
the light fraction within the bulge residing in the disk according
to the surface photometry, and the corrective factor fC, i.e., the
same but according to the spectroscopic analysis, after correcting
from the filter transmission curve:
fS = fD/ fC (6)
The individual bulge net spectra for each of the three differ-
ent disk configurations were computed by subtracting the scaled
disk spectra from FC(λ) as:
FB(λ) = FC(λ) − npC · fS · Fˆ?D(λ) (7)
Finally, the three FB(λ) (one for each disk configurations) for
each galaxy were re-fitted by means of STARLIGHT & FADO
with libraries Z4 & Z5, this way completing the four spectral
modeling runs.
Fig. 3. The resulting spectra and respective fits for LTG IC 2604 – panel a) displays the spectrum of the bulge (red), disk (dark-blue) and scaled
disk (light-blue) according to the exponential disk distribution (additionally it can be seen the overplotted SDSS g-band transmission curve in
soft grey). Panel b) displays the residuals (in %) between the modeled and observed spectrum for the bulge (red) and disk (dark-blue) with the
black horizontal line corresponding in either case to a percentage deviation of 0%. The vertical arrow corresponds to a percentage deviation of
50%. At panel c) it is shown in black the resulting net-bulge spectra after subtraction of the three different models for the disk and overplotted
are the respective stellar fits. The residuals, i.e., difference between obtained net-bulge SED and respective stellar fits divided by the observed, are
shown in panel d). As in panel b) we shift the residuals by an arbitrary amount (in this case, by 10%; cf. vertical arrow) for the sake of better
visibility. Labels on the r.h.s of the panels list the bulge and disk stellar mass log(M?), and mass-weighted mean stellar age 〈t?,B〉M and metallicity
〈Z?,B〉M prior to subtraction, the scaling factors for each of the disk configuration and 〈t?,B〉M & 〈Z?,B〉M for each of the fits (where dD, fD and eD
corresponds to centrally decreasing, flat and exponential disk, respectively), as obtained with STARLIGHT and Z4 stellar library.
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3.4. Overview of the disk-subtraction tool:
Summarizing, the developed suite of codes in Fortran, ESO-
MIDAS and Python:
i. computes the integrated observed spectrum of the bulge –
OBS bulge, FC(λ), and the average spectrum of the disk –
OBS disk, FˆD(λ);
ii. by integrating the observed SBPs and those assumed for the
disk, computes the scaling factors fS, under consideration of
the SDSS g- or r-band filter transmission curves (for the g-
band filter the average of the scaling factors of the sample
are 2.37 for expD, 2.09 for flatD and 0.11 for decrD);
iii. extracts and models with STARLIGHT & FADO the OBS
bulge & OBS disk, and determines the respective best-fitting
stellar SEDs, F?C(λ) & Fˆ
?
D(λ);
iv. scales and subtracts the latter from OBS bulge and re-fits
(four times; i.e. with STARLIGHT & FADO for both the Z4
and Z5 SSP libraries) the net-bulge spectra FB(λ), obtained
after subtraction of the three different functional forms of the
disk within RB, obtaining the best-fitting stellar SED for the
net-bulge F?B(λ).
Figure 3 displays the results obtained for the LTG IC 2604. Ex-
trapolation of a pure exponential or flat profile for the disk to
the galactic center yields negative flux for λ ≤ 4000 Å, implying
that the disk profile has to flatten or show a central depression
within RB. While assuming exponential and flat disk models,
SLZ4’s stellar age and metallicity estimates reached the maxi-
mum allowed value, which is per se an indication of an unphys-
ical fit. Additionally, comparison of the resulting mass estimates
for the bulge after subtraction of the exponential and flat models,
log(M?,eD) and log(M?,fD), respectively, with the same prior of
subtraction log(M?,B), indicates an increase of the stellar mass
after disk removal, once more pointing to the invalidity of the as-
sumed profiles for the disk (see next Sect.). For this galaxy, most
of these criteria (used to classify the resulting net-bulge SED as
unphysical) were met for all the four spectral modeling runs.
4. Spectroscopic subtraction of the disk and first
insights on the invalidity of its exponential
intensity profile inside RB
The tool developed for the spectroscopic subtraction of the disk
SED within RB was applied to the entire sample using the pre-
viously estimated photometric constraints in both r- and g-band
to scale the normalized spectrum of the disk. Considering that
the results for both passbands are in agreement (within . 15%)
and that the g-band transmission curve covers a significant part
of the blue spectral range (∼ 3830 - 5480 Å), therefore better
tracing the luminosity distribution of a SF disk, it was decided to
present here only the results obtained from photometric decom-
position g-band SBPs.
The first and possibly most decisive test of the validity of the
exponential fitting function for the disk within RB is to examine
the properties of the residual net spectrum of the bulge after sub-
traction of the estimated contribution from the underlying disk,
i.e., whether FB(λ) is positive throughout the considered spectral
range. Since FB(λ) is obtained on the standard assumption that
the disk exponential slope is preserved all the way to the center,
a possibly negative flux of the net spectrum of the bulge over a
significant spectral interval yields a strong indication against the
validity of the background assumption of the disk exponentiality.
Whereas this reductio ad absurdum approach does not permit to
directly constrain the intensity of the disk beneath the bulge, it
allows to confirm or exclude a range of functional forms for the
disk profile. Finally, we re-fitted the three FB(λ) with the purpose
of evaluating the plausibility of the net-bulge SEDs, this way in-
directly assessing the validity of the enclosed assumptions for
the disk luminosity profile.
Histograms displayed in Figs. 4 & 5 illustrate the percentage of
unphysical net-bulge SED after subtraction of expD and flatD, re-
spectively, in each of the three bulge stellar mass bins M?,B (the
first bin encloses galaxies that host bulges with log(M?,B) ≤ 9.5
M, being mainly composed by iA galaxies, the second, bulges
with 9.5 < log(M?,B) < 10.5 (∼ iB) and the third, bulges with
log(M?,B) ≥ 10.5 (∼ iC) – the average value for each mass bin
is 108.9 M (31 galaxies), 1010 (61 galaxies) and 1010.75 (43
galaxies), respectively, as shown in the top-horizontal axis of
the top-left panel of Fig. 7. In the l.h.s. are the panels showing
the frequencies for each individual criteria (blue and purple bars
express the percentage of galaxies that reached the maximum
mass-weighted stellar age and metallicity allowed by the SSP li-
brary, respectively, light pink bars the fraction of partly negative
net-bulge SEDs and dark pink bars the percentage of galaxies in
each mass bin which stellar mass estimate is higher after disk
subtraction) whereas the r.h.s. displays the fraction of galaxies
that fail all criteria simultaneously. In addition, Fig. 6 shows the
fraction of unphysical net-bulge SED according to SLZ4, SLZ5,
FDZ4 & FDZ5, i.e., the fraction of net-bulge spectra which fail
the aforementioned criteria for all spectral modeling runs, simul-
taneously. As a complement, Table 1 summarizes the fractions of
unphysical net-bulge spectra obtained after subtraction of expD
& flatD relatively to the total galaxy sample.
Visual inspection of the light pink bars in the histograms show
that there is no significant preference for any bulge-mass interval
and that a significant fraction of bulges do not contain enough
flux in their blue spectral range to accommodate the inwardly
extrapolated disk profile. As a final thought on our barred galax-
ies, inspection of the true color images and g-i color maps of
our sample reveals that the frequency of bars is higher for mas-
sive galaxies and that generally bar colors are similar to those
of the bulge, i.e., redder than those of the disk. Consequently,
the possible inclusion of the bar in the normalized spectrum of
the disk FD(λ) would lead to a slightly redder SED. Therefore, if
contamination of FD(λ) by the bar was significant, one would ex-
pect negative (or very low) values also in the red spectral regime
for some of the barred, high mass galaxies (where the bar con-
tribution is significantly larger as compared to other mass bins).
Such effect is not observed which lead us to conclude that, by
adopting this methodology, bar contamination does not produce
a significant effect.
Examination of the bars colored blue and purple show, for each
bulge mass interval, the fraction of net-bulge spectra whose de-
termined mass-weighted stellar age and metallicity has reached
the maximum allowed value by the SSP library, respectively.
Such failed fits yield indirect constraints on the validity of the
assumed model for the intensity profile of the disk within the
bulge radius. Inspection of these results demonstrates that, inde-
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Fig. 4. Panels in the l.h.s. display the histograms showing the fractions
of unphysical net-bulge spectra after subtraction of expD, subdivided
in three bulge mass bins (low M?,B for bulges with log of stellar mass
lower or equal than 9.5 M, intermediate M?,B for bulges with log of
stellar mass between 9.5 and 10.5 and high M?,B for bulges with log
of stellar mass higher or equal than 10.5). From left to right, the bars
represent the fraction of net-bulge spectra that reached the maximum
mass-weighted stellar age (blue) and metallicity (purple), display neg-
ative flux (light pink) and which estimated stellar mass is higher after
disk subtraction (dark pink). Panels in the r.h.s contain the histograms
showing the fractions of unphysical net-bulge spectra that meet all the
aforementioned criteria. From top to bottom the rows refer to the spec-
tral modeling run SLZ4, SLZ5, FDZ4 and FDZ5.
Fig. 5. Same layout as in Fig. 4, displaying the results obtained after
subtraction of flatD.
Fig. 6. Same color coding as in Figs. 4 & 5, showing the galaxy fractions
failing the criteria simultaneously for all runs.
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pendently of the used PSS code or SSP library, a higher fraction
of bulges in the higher mass bin tends to reach maximum val-
ues of age and metallicity, followed by the intermediate mass
bulges and finally by low mass bulges, which display the low-
est percentage of failed fits, according to these criteria. Indeed,
considering that the two higher mass bins enclose the intrinsi-
cally oldest and most metal-rich bulges in the sample, it is to be
expected that mainly for these galaxies, subtraction of the rather
blue spectrum of the disk will lead to a strong deficit of flux in
the blue spectral range, thereby forcing PSS codes to reach max-
imum age8 and metallicity determinations.
This same effect is equally responsible for the increase in stel-
lar mass after disk subtraction (dark pink bars), observed for
a significant part of the galaxies of the sample: when fitting a
spectrum using PSS codes, after obtaining the population vec-
tor PV (i.e, the fractional contributions of the individual SSPs),
the stellar mass is derived by converting light to mass using the
individual SSP’s mass-to-light (M/L) ratios. Young stellar popu-
lations, which are typically seen in SF disks of LTGs, are charac-
terized by low M/L ratios – in spite of being significantly bright
they contain a low percentage of stellar mass. On the other hand,
older stellar populations, which typically populate the bulges of
the most massive LTGs, have higher M/L ratios which imply
that such stellar populations, although faint, constitute the bulk
of the total stellar mass of the galaxy. Whereas it is common
to observe an increase in flux, from the red to the blue spectral
range, in the continuum of the spectra of SF disks, in the spectra
of bulges is frequently observed a shortage of blue flux (i.e., a
decrease in the continuum within the blue spectral range). De-
pending on the steepness of the blue slope of the continuum of
FD(λ) and on the deficiency of the flux of FC(λ) in this same
spectral range, by removing the light contribution of a SF disk
from the integrated central spectra, one might significantly re-
duce the blue flux of the residual SED. Seemingly, this approach
is producing unreasonably red spectra (i.e., a severe lack of flux
in the blue spectral range) for a significant fraction of the sample
galaxies. In such cases, the PSS codes have no other alterna-
tive than to compensate this effect by introducing high fractions
of high M/L SSPs (i.e., old stellar populations), which will ar-
tificially elevate the total stellar mass often to values which are
higher than the ones derived from the observed integrated central
spectrum. Logically, this result also implies that the assumptions
retained in the adopted methodology are unreasonable, strength-
ening the conclusion that, for a significant part of the galaxies
of the sample, the disk must diverge from exponentiality within
RB.
Figure 6 displays the fractions of unphysical net-bulge SED
within each bin mass for all spectral modeling run simultane-
ously. Its inspection and comparison with Figs. 4 & 5 (see also
Tab. 1) provides an idea of what are the criteria that are less im-
pacted by the choice of PSS code or stellar library. Clearly and
as expected, the most independent criteria are the frequency of
net-bulge spectra with partially negative flux, which should be
considered the most reliable test to define whether or not the en-
8 In addition to the typical uncertainties expected from spectral syn-
thesis (0.2-0.3 dex Cid Fernandes et al. 2005, 2014) resolving stellar
populations becomes increasingly challenging with increasing stellar
age. Based on Cardoso, Gomes & Papaderos (2019) who explore how
STARLIGHT and FADO recover the mass-weighted mean stellar age
and metallicity and a set of additional tests performed adopting a simi-
lar experimental setup, we estimate the effective time resolution in age
determinations of old stellar populations (>9 Gyr) to ∼1 Gyr.
Fig. 7. Panels in the l.h.s. display the mean values for the bulge’s mass-
weighted stellar age 〈t?,B〉M in Gyr, in each mass bin, in the case of
no subtraction (grey), subtraction of a centrally depressed disk (red),
subtraction of centrally flattened disk (green) and subtraction of expo-
nential disk (blue). Panels at the r.h.s. display the mean estimated val-
ues for the bulge’s mass-weighted stellar metallicity 〈Z?,B〉M in Z. The
ellipses represent the standard deviation σ of the mean, providing an
estimate on how spread are these estimates within each bin mass. Their
semi-major/minor axes display the σ in M?,B (in the x-axis) and the σ in
〈t?,B〉M or 〈Z?,B〉M (in the y-axis). The 1st panel contains an additional
x-axis providing information on the average stellar mass for each bulge
bin mass. From top to bottom the rows refer to the four spectral mod-
eling runs. The horizontal dashed line indicates the maximum allowed
value for the respective quantity and SSP library.
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Run Max. 〈t?,B〉M Max. 〈Z?,B〉M Neg. Flux > M?,B All criteria
After subtraction of expD
SLZ4 41.5 43.7 31.9 27.4 23.0
SLZ5 25.9 25.9 31.9 26.7 17.8
FDZ4 28.1 43.7 31.9 27.4 14.8
FDZ5 16.3 18.5 31.1 32.6 8.1
Average 28.0 33.0 31.7 28.5 15.9
After subtraction of flatD
SLZ4 30.4 28.9 20.0 18.5 11.9
SLZ5 16.3 14.8 18.5 17.8 9.6
FDZ4 21.5 28.1 21.5 18.5 8.9
FDZ5 11.1 12.6 20.7 21.5 5.2
Average 19.8 21.1 20.2 19.1 8.9
Table 1. Percentage of unphysical net-bulge SEDs after subtraction of disk models expD and flatD relatively to the total number of galaxies in the
sample.
closed assumptions are valid. Notwithstanding, even though the
remaining criteria are more affected by the non-negligible un-
certainties inherent to spectral synthesis (namely, for instance,
age-metallicity degeneracy, different recipes for the convergence
in distinct PSS codes, and increased difficulty in resolving old
stellar populations) together they provide additional clues on the
plausibility of the obtained net-bulge SEDs.
Considering that gradients of the stellar populations within the
individual stellar components might be an important factor deter-
mining the unplausibility of the obtained net-bulge SEDs, we ex-
plored g-r color and stellar age gradients within bulge and disk.
Although color and age gradients within RB might be quite con-
siderable (see Breda et al. 2020a), the same are generally neg-
ligible for the disk component. Figure 2 of Breda et al. (2020a)
shows that intermediate stellar mass galaxies, which host inter-
mediate mass bulges, generally do not display significant age
gradients. Bearing in mind that age gradients within the disk re-
gion are often insignificant and that the fractions of the net-bulge
SEDs which are partially negative are higher for this particular
mass bin, age/color gradients cannot be the main reason for the
high number of partially negative net-bulge spectra.
In addition, Fig. 7 displays the average values for the bulge
mass-weighted mean stellar age 〈t?,B〉M (l.h.s.), and metallicity
〈Z?,B〉M (r.h.s.), within each mass bin, as obtained for the four
spectral modeling runs. Major/minor axes of the ellipses depict
the error bars (σ of the mean) for the estimated stellar mass (hor-
izontal axes) and for 〈t?,B〉M or 〈Z?,B〉M (vertical axes). The dif-
ferent colors correspond to the various assumptions that were
tested – grey dots depict the mean values for OBS bulge FC(λ),
red dots the values obtained after subtraction of the centrally de-
pressed disk decrD, green dots the values obtained after subtrac-
tion of the flattened disk flatD and blue dots the values obtained
after subtraction of the standard exponential disk expD. Inspec-
tion of this Fig. and Tab. 1 reveals that:
i. mass-weighted age and metallicity determinations are not
significantly affected after subtraction of a centrally de-
pressed disk (variations in mass, age or metallicity are within
the expected error associated with spectral synthesis). Such
a result was expected, considering that by assuming a disk
shape such as decrD the scaling factor fS, i.e., the light frac-
tion of the disk within RC, is in all cases low, with an average
value of 11% for the whole sample.
ii. generally, ages and metallicities obtained from fitting FB(λ)
increase as compared to those prior to disk subtraction;
iii. higher mass galaxies (which host higher mass bulges) have
an increased tendency to reach the maximum value allowed
by the SSP library;
iv. the higher the assumed disk contribution inside RB (from de-
crD to flatD to expD), the higher is the fraction of LTGs for
which the determined age and/or metallicity converges to the
maximum allowed value by the adopted SSP library (0% of
the galaxies of the sample for decrD, an average of ∼20 (21)%
for 〈t?,B〉M (〈Z?,B〉M) after flatD and an average of ∼28 (33)%
after expD). The same behavior is observed for the increase
in stellar mass after disk subtraction (0% after decrD, an aver-
age of ∼20% after flatD and ∼28% after expD) and fraction of
partially negative SEDs (0% after decrD, an average of ∼20%
after flatD and ∼32% after expD);
vi. the values obtained with FADO are in every case more dis-
perse as compared to the same obtained with STARLIGHT
(even for OBS bulge and decrD) evidencing the non-
negligible discrepancies in quantities obtained by different
spectral synthesis codes.
Although instructive, this exercise alone is not sufficient to
definitively answer the question of whether the disk preserves
its intensity slope, or even exists, inside the bulge radius. Nev-
ertheless, this investigation has placed important constraints on
the possible light distribution by the disk within RB: for a sub-
stantial part of the sampled LTGs, independently of their stellar
mass, the assumption of inward extrapolation of the exponential
intensity profile of the disk yields dubious or unphysical results.
This suggests that the true intensity profile of the disk inside RB
shows a flattening or central depression, as proposed from the-
oretical studies. If, on the other hand, the disk light distribution
within RB conserves its exponential nature, these results indicate
that, for a significant fraction of the analyzed galaxies, the disk
contribution within R? < RB should be much redder than the
host disk, displaying a spectroscopic profile more similar to the
bulge.
5. Summary and Conclusions
With the goal of placing constraints on the radial intensity profile
of the disk in late-type galaxies within their bulge radius RB,
we developed a tool that allows us to determine the net SED of
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the bulge after spectroscopic subtraction of the photometrically
inferred contribution from the underlying disk. Although quite
rudimentary at this stage, this technique allowed us to gain first
insights into the validity of the standard assumption that the disk
preserves its exponential slope all the way to the LTG center:
i. The analysis presented here indicates that, independently of
the bulge’s stellar mass (which is tightly correlated with the
total LTG stellar mass and its bulge’s mean stellar age), up
to 32% (20%) of the SEDs obtained for the bulge after sub-
traction of an exponential (or inwardly flattening) model for
the disk yield negative flux in the blue spectral range. This
implies that in a significant fraction of LTGs the disk com-
ponent must show a central flat core or intensity depression
inside RB.
ii. Further support against the standard assumption of the ex-
ponentiality of the disk within RB comes from the fact that
spectral modeling obtained in that case for the net SED of the
bulge leads to dubious results. Specifically we find that when
a purely exponential disk profile is assumed, ∼28% (∼33%)
of the disk-subtracted bulges reach the maximum allowed
age (metallicity), for ∼28% the stellar mass is higher than
that estimated prior to disk subtraction and for ∼32% the re-
maining net-bulge SED were partially negative.
iii. By assuming a flat intensity profile for the disk within RB,
spectral modeling of ∼20% (∼21%) of the net SED of bulges
in our sample yields the maximum allowed age (metallicity),
for ∼ 20% of all cases the stellar mass exceeds that estimated
within RB prior to disk subtraction and for ∼20% the remain-
ing net-bulge SED were partially negative.
The present investigation suggests that, in a significant fraction
of LTGs, the disk component must show a central intensity de-
pression inside RB. If proven to be true, the soundness of the out-
come resulting from a substantial fraction of past studies would
be compromised, namely the ones based on bulge/disk decompo-
sition, considering that this issue would propagate to many local
and moderate to high-z studies, impacting, for instance findings
concerning growth and evolution of bulges and disks of LTGs
(e.g., the evolution in z of the B/T ratio). Facing these results,
one can even speculate that some of the reported findings re-
garding the formation and evolution of LTGs (see Sect.1) might
be artificially driven by the wrong assumption of the conser-
vation of the exponential disk within the bulge while perform-
ing structural decomposition. Furthermore, it is worth bearing in
mind that, in disk-dominated LTGs, the assumed (inwardly ex-
trapolated) disk flux can provide up to ∼ 80% of the light inside
the bulge radius. Therefore, overestimating the true luminosity
fraction by the disk could lead to the erroneous classification of
a high-luminosity, high-η CB as a PB. Moreover, if this bulge
hosts an active galactic nucleus (AGN) one will conclude that
some PBs display AGN activity in their cores whereas in fact
this bulge is not a PB but a CB. This hypothetic scenario serves
only as an example of how the adopted assumptions and methods
might dictate the obtained results.
To complement this analysis and further explore the issue one
can take advantage of the excellent-quality IFS data captured by
10m-class telescopes (e.g., with the MUSE@VLT spectrograph)
being now at hand. By performing spatially resolved spectral
synthesis to a number of local, moderately inclined LTGs one
could explore more deeply the radial mass and stellar surface
density profiles of galactic disks, based on this spectrophotomet-
ric decomposition technique. Moreover, the high spectral resolu-
tion and S/N permitted by MUSE data permits to resolve older
stellar populations significantly more accurately as compared to
IFS data restricted to the blue spectral range, especially when
using a self-consistent spectral modeling tool, such as FADO.
Finally, via kinematical decomposition, one could investigate
Vrot/σ? radial profiles, which might too give further insights on
the validity of the inward exponentiallity of galactic disks.
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